Transcription initiation of the copy-number control and better-thanrandom segregation genes of the broad-host-range and low-copynumber plasmid pSM19035 are subjected to repression by the autoregulated pSM19035-encoded product in Bacillus subtilis cells. The promoters of the copS (Pcop1 and Pcop2), ␦ (P␦), and (P) genes have been mapped. These promoters are embedded in a set of either seven copies of a 7-bp direct repeat or in a block consisting of two 7-bp direct repeats and one 7-bp inverted repeat; the blocks are present either two or three times. The cooperative binding of protein to the repeats on the Pcop1, Pcop2, P␦, and P promoters represses transcription initiation by a mechanism that does not exclude A RNAP from the promoters. These results indicate that protein regulates plasmid maintenance by controlling the copy number on the one hand and by regulating the amount of proteins required for better-than-random segregation on the other hand.
N
aturally occurring plasmids are usually stably maintained in their bacterial hosts. This stability often must be accomplished in spite of a very low number of plasmid copies per cell. Replicationcontrol mechanisms play a very important role here by ensuring a constant number of plasmid copies per chromosome for segregation to each daughter cell (reviewed in refs. [1] [2] [3] [4] . Additionally, several specialized plasmid stabilization modes have been identified. They can be divided into three major classes, a, b, and c. Class a groups those functions that maximize the number of plasmid units to be segregated between the daughter cells (reviewed in refs. [4] [5] [6] . In class b, the plasmid encodes a toxin that kills the plasmid-free progeny and an antitoxin that neutralizes its cognate toxin or prevents its synthesis (7) . Class c includes active plasmid partition systems that ensure the localization of at least one plasmid molecule at the site of future septal growth (cell-quarter site) of the daughter cells (8, 9) . The class b and c systems have been described for several plasmids of Gram-negative bacteria, including P1, F, RK2, and R1 (1) (2) (3) (4) 7) . The mechanisms used by plasmids of Gram-positive bacteria to ensure that each cell receives at least one plasmid copy at cell division (better-than-random segregation) are poorly understood.
The low-copy-number and broad-host-range plasmids of the inc18 family (pIP501, pAM␤1, and pSM19035) from Gram-positive bacteria share an extensive sequence identity (Ͼ90%) in their replication (Cop, RNA III, Rep, ori; Fig. 1A ) and stability (SegA and SegB) regions (10) (11) (12) . pSM19035 has extraordinarily long inverted repeated sequences that comprise Ϸ80% of the plasmid molecule. The sequences required to ensure plasmid replication and its stable maintenance are localized within the inversely repeated segments (13, 14) , which means that they are duplicated in the plasmid. Replication is controlled by two negative regulators, each of which reduces the amounts of mRNA coding for the initiation protein, Rep. One of them, Cop, represses transcription of the rep mRNA, whereas the other one is a stable antisense RNA (RNA III) that induces transcriptional attenuation within the leader region of the rep mRNA (11, (15) (16) (17) . In the absence of Cop, the increased (derepressed) transcription of rep mRNA interferes, in cis, with initiation of transcription of RNA III (convergent transcription). Thus, the Cop protein limits the amounts of rep mRNA either directly (as a repressor) or indirectly, by affecting the intensity of transcription necessary to produce RNA III. The factor(s) that would control the synthesis of Cop has not been yet described.
Two discrete regions, SegA and SegB, are involved in the segregation stability of pSM19035 (13) . SegA is required for the conversion of oligomeric forms into monomers (class a; ref. 5). The SegB region, which assures better-than-random plasmid pSM19035 distribution, encompasses the ␦, , , and genes (refs. 13, 14; this report; Fig. 1 A) . The ␦ protein shares a high degree of homology with the family of ATPases involved in partitioning of diverse bacterial plasmids and bacterial chromosomes (class c; refs. 13, 18, 19) , whereas the and gene products prevent the appearance of plasmid-free segregants (class b; see above) (unpublished results).
In this report, we show that a pSM19035-borne gene product represents a new element involved in the regulation of pSM19035 replication. We demonstrate both in vivo and in vitro that, in addition to repressing its own synthesis, protein also blocks transcription from genes copS and ␦. Our observations indicate that the protein is a negative regulator linking plasmid copy control to better-than-random segregation.
Materials and Methods
Bacterial Strains and Plasmids. Escherichia coli strains DH5␣ and BL21(DE3) and Bacillus subtilis strains YB886 and YB1015 (recA4) were used (13, 20) . Plasmids pDB101, pBT233, pBT291, pBT346, pBT312, and pBT347 (10, 13, 14) , pBT338 (21) , and pBT205 (S. Chai and J.C.A. unpublished results) were used. The plasmid-borne Pcop (pUC57, coordinates 18976 to 64 of pDB101), P␦ (pBT291, 4735 to 5635), and P (pCB30, 6377 to 6754) were used for promoter analysis. Plasmid pRC1 was constructed by in vitro deletions of pDB101 and is composed of the copS, repS, and erm genes (coordinates 16738-2546 and 7824-9622). The plasmid-borne ␦ and genes (pBT346-1, coordinates 4685-6754), and genes (pBT346-2, 5800-7081), gene (pBT346-3 and pT7-, 6312-6894), and gene (pBT346-4, 6595-7081) were constructed by in vitro deletions of pBT346. Plasmid pBT346-5, which is derived from pBT346-3, contains a STOP TAA codon at the sixth triplet of the gene. The 5Ј noncoding region of copS (18560 to 1), ␦ (4695 to 5800), (6312 to 6522), and (6529 to 6899) genes were fused to the promoterless lacZ gene of E. coli plasmid pBT205.
Abbreviation: EMSA, electrophoretic mobility-shift assay. ‡ To whom reprint requests should be addressed. E-mail: jcalonso@cnb.uam.es.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Bacterial Growth, Transformation, and Plasmid Copy Number. B. subtilis and E. coli cells were grown and made competent as described previously (20) . The promoterless lacZ and its derivatives (cop:lacZ, ␦:lacZ, :lacZ, and :lacZ fusions), present in pBT205, were integrated by a double-crossover into the amyE locus of YB886 strain. In a second step, the recA4 mutation was introduced into the background. The gene (6312-6727) was integrated via plasmid pBT205 into the chromosome of YB886 to construct strain YB886-.
YB886 and YB886-strains bearing plasmid pRC1 were grown to the middle exponential phase, and plasmid DNA from 5-ml cultures (OD 650 ϭ 0.8) was isolated. The relative plasmid copy number was obtained by comparing the intensity of the ethidium bromide-stained plasmid DNA bands (HindIII cleavage) with IMAGE QUANT (Molecular Dynamics) software.
␤-Galactosidase Assays. Aliquots of B. subtilis cells grown to OD 600 ϭ 0.5Ϫ1.0 were pelleted and resuspended in buffer Z (22) containing 0.4 mg͞ml lysozyme. After 5-min incubation at 37°C, Triton X-100 (final concentration 0.08%) was added, mixed, and the lysates clarified by 5-min centrifugation at 12,000 ϫ g. ␤-Galactosidase was assayed in the cell lysates as described (22) .
DNA, RNA, Enzymes, and Reagents. Covalently closed circular plasmid DNA was purified as described (20) . DNA restriction and modification enzymes, ATP, RNaseA, and poly[d(I͞C)] were purchased from Boehringer Mannheim. Gel-purified DNA fragments were end labeled as described (20) . The concentration of DNA was determined by using molar extinction coefficients of 6,500 M Ϫ1 ⅐cm
Ϫ1
at 260 nm and expressed as mol of DNA molecules. The in vivo transcriptional start site of the promoter ␦ gene was determined by using 5Ј rapid amplification of cDNA ends, Ver. 2.0 (GIBCO͞BRL), according to the manufacturer.
The soluble 8-kDa protein (predicted molecular mass, 7,956 kDa) was purified by conventional column chromatography (phosphocellulose and Superose 12). The protein concentration was determined by using a molar extinction coefficient of 2,560 M Ϫ1 ⅐cm
at 280 nm and expressed in mol of protein tetramers. The NH 2 -terminal amino acid sequence of the protein was determined by automated Edman degradation.
Molecular Mass Determination. Gel filtration chromatography was carried out in 50 mM Tris⅐HCl, pH 7.5͞150 mM NaCl at 4°C with a flow rate of 0.5 ml͞min, and the A 280 was measured. Ten and twenty micrograms of protein (3 and 6 nmol) was applied onto the Superose 12 column (Pharmacia). A standard curve of K av vs. log of molecular masses was determined as recommended by Pharmacia. Equilibrium centrifugation of protein (2, 4, and 6 M) in 25 mM Tris⅐HCl, pH 7.5͞150 mM NaCl was analyzed in a Beckman Optima XL-A (Beckman Coulter) operating at 8,000 and 15,000 rpm (An-Ti60 rotor) for 12 hr at 20°C. The primers used (5Ј-TACTCATTTCTAATTCT-3Ј at coordinates 49 to 64, 5Ј-CAATTGCTTCATTTTTATTGC-3Ј at coordinates 5615 to 5635, and 5Ј-ATTGGTGTATGAATTCGTTTT-GCTTTTT-3Ј at coordinates 6537 to 6564) hybridized downstream of the Pcop, P␦, and P promoters, respectively. The annealing and primer extension reactions were performed as described (20) . The cDNA was analyzed by electrophoresis in 6% urea-polyacrylamide gels (6% dPAGE) and detected by autoradiography.
Electrophoretic Mobility-Shift Assays (EMSA). For EMSA experiments, the end-labeled DNA (0.2 nM) was incubated in buffer C (50 mM Tris⅐HCl, pH 7.5͞10 mM MgCl 2 ) containing 50 mM NaCl for 15 min at 37°C with different amounts of purified proteins: and͞or A RNAP in the presence of 1 g of poly d(I͞C) as a nonspecific competitor DNA in a 20-l final volume and immediately loaded on the gel (19) . The samples were separated on a 4% nondenaturing polyacrylamide (80:1 acrylamide͞bis) gel (nd-PAGE). Gels were run with 1ϫ Tris-acetate-EDTA (TAE) at 150 V at room temperature and dried before autoradiography. DNase I Footprinting. The reaction conditions were as for EMSA.
The proteins added and their concentrations are specified in the figure legends. The 300-bp HindIII-KpnI (comprising the Pcop1 and Pcop2 promoters), the 317-bp EcoRI-SacI (P␦), and the 426-bp HindIII-KpnI (P) DNA fragments were end labeled. DNaseI treatment was as previously described (23) . The samples were analyzed by 6% dPAGE and dried before autoradiography.
Results

In Vivo Activity of Promoters from the Copy Control and SegB Region.
The complete nucleotide sequence of pDB101 revealed that the promoters of the copy control (copS) and of SegB share common potential regulatory sequences (ref. 10; Fig. 1B ). To address which of the genes of the SegB region (except the gene, which is translationally coupled to the gene), as well as the copS gene, are subjected to transcriptional control and what product is required for such a regulation, the 5Ј noncoding region of these genes were fused to a promoterless lacZ gene, integrated as single copies into the amyE locus of the B. subtilis chromosome, and different combinations of plasmid-borne genes were then provided in trans. ␤-Galactosidase assays from the lysates of analyzed strains revealed that: (i) the fusions exhibit promoter activities with high (P␦:lacZ), moderate (Pcop:lacZ and P:lacZ), and low (P:lacZ) ␤-galactosidase values; (ii) transcription from the promoters of the copS, ␦, and genes is repressed by a plasmid-encoded gene; (iii) a point mutation in the gene (pBT346-5) suppresses transcriptional repression; and (vi) transcription of the promoter upstream of the gene is not directly controlled by the protein ( Table 1) .
The Product and Its Putative Target Sites in pSM19035.
The gene is located in the SegB region between the ␦ and genes (Fig. 1 A) . It consists of 71 codons, begins with the putative ''weak'' GTG translation initiation triplet, and is preceded by no sequence homologous to a ribosomal loading site. The observation presented in Table 1 , however, strongly suggests that is a bona fide gene, and that its translated product, protein, is most likely a transcriptional repressor. The nucleotide sequences upstream of the copS, ␦, and genes were compared with those of B. subtilis promoters (see refs. [24] [25] [26] . Sequences showing putative Ϫ35 and Ϫ10 regions, which may be recognized by the vegetative form of B. subtilis A RNAP, were found (Fig. 1B) . Features resembling a TG element are present in the P␦ and P promoters, and an AT-rich region is present upstream of the putative promoters (UP element) (ref. 27 ; Fig. 1B) .
The promoter regions of the copS, ␦, and genes are embedded in a set of two types of 7-bp conserved repeats, 5Ј-ATCACAA-3Ј (type A) or 5Ј-ATCACTT-3Ј (type B), and such heptameric sets of repeats in plasmid pDB101 are present only upstream of these three genes (ref. 10; Fig. 1B) . Upstream of the copS and genes, there are 10 and 7 copies of both types of heptamers in both head-to-tail and head-to-head configurations, whereas upstream of the ␦ gene, there are seven copies of both types of heptamers in a head-to-tail configuration plus two head-to-head copies (Fig. 1B) .
Purification and Properties of the Protein. The protein (predicted molecular mass, 7,956 Da) of pSM19035 was purified. The polypeptide was more than 99% pure, as judged by SDS͞PAGE and quantitative analysis of the NH 2 -terminal amino acid composition. The sequence of the first 10 NH 2 -terminal residues of the purified protein is in perfect agreement with the prediction from the nucleotide sequence of the gene.
The molecular mass of native protein was estimated by gel filtration by using a Superose 12 column. From the elution profile of the protein and a number of protein standards, we estimate that the M r of the protein is approximately 32,000, four times that of the protomer. Using equilibrium centrifugation, we confirmed that the protein is largely tetrameric at high protein concentrations and largely monomeric at low protein concentrations.
Protein Binds Cooperatively to the Promoters of the copS, ␦, and
Genes. The affinity of protein for the Pcop, P␦, and P [ 32 P]-DNA fragments (0.2 nM) was determined by EMSA assays by following complex formation as a function of protein concentration. As revealed in Fig. 2 , at protein concentrations lower than 1 nM, no binding was detected, whereas at higher protein concentrations, the amount of protein -DNA complex formed increased exponentially until a plateau was observed. The exponential increase in complex formation suggests that the protein binds to its target sequences in a cooperative manner. The apparent equilibrium constant (K app ) of the protein -DNA complex formation was estimated to be similar for the three DNA segments analyzed and approximately 4 nM (Pcop1 Pcop2 3.6 nM, P␦ 4.6 nM and P 5.5 nM), pH 7.5, in the presence of 50 mM NaCl and at 37°C (Fig. 2) .
Protein Represses the copS, ␦, and Promoters. To map the transcription start points of the putative ''Pcop,'' ''P␦,'' and ''P'' promoters in vitro and to determine whether the protein regulates promoter utilization, we analyzed, by primer extension, the transcripts produced in vitro by B. subtilis A RNAP holoenzyme (20 nM) on a supercoiled DNA substrate (2 nM). mRNA species of 152 nt and 123 nt (Pcop), 96 nt (P␦), and 75 nt (P) in length were detected (Fig. 3 A-C) . From the position of the primers, we could infer that the 123-nt, 96-nt, 75-nt, and 152-nt long transcripts start at positions corresponding to the predicted ''Pcop1,'' ''P␦,'' and ''P'' promoters and at a new site termed ''Pcop 2,'' respectively (see Fig. 1B ). This is in good agreement with the in vivo mapping of promoter Pcop1 (see ref. 11), P␦, and P by using the 5Ј rapid amplification of cDNA ends system (this work).
As shown in Fig. 3 A-C, a regulatory effect of increased concentrations of the protein (15, 30, 60 , and 120 nM) on transcription from the in vitro Pcop1, Pcop2, P␦, and P promoters in the purified system by using the vegetative B. subtilis A RNAP (20 nM) and supercoiled pUC57 (Pcop1 and Pcop2), pBT291 (P␦), and pCB30 (P) DNA template was observed. The addition of 7.5 and 15 tetramers per plasmid molecule reduced by about half the transcription initiation of the P␦ and the Pcop2 promoters, respectively ( Fig. 3 A and B) . Transcription initiation of the Pcop1 and the P is repressed in the presence of 30 tetramers (Fig. 3 A and C) . Concentrations of protein equal to or higher than those required to repress the promoters of the copS, ␦, and genes did not affect the expression of an unrelated promoter (P␣␤ of the SegA region; ref. 21) (Fig. 3D) . From the results presented in Fig. 3D , we can rule out that a contaminant RNase or any other nonspecific effect could be responsible for the lack of RNA synthesis at higher concentrations. (Fig. 4) .
Protein Does Not Affect the Binding of
We incubated the [ 32 P]-Pcop1-Pcop2 DNA (2 nM) with 60 nM of , 60 nM of A RNAP, or 60 nM of both proteins, and the reaction mixture was subjected to ndPAGE. In the presence of protein, all the DNA is complexed (Fig. 4, lane 2) . In the presence of A RNAP, two complexes (indicated as I and II) are observed (Fig. 4, lane 3) . When both and A RNAP proteins were present in the reaction mixture, a new diffuse and slowly moving complex was observed (Fig. 4, lane 4) .
To localize the sequences recognized by protein , A RNAP, and both proteins, the protein-DNA complexes were analyzed by DNase I footprints. As shown in Fig. 5, lane 2 , protein protected a contiguous region on Pcop1 Pcop2 DNA from the nuclease attack. This binding site was Ϸ78 bp (at positions Ϫ32 to Ϫ109) in length for the top strand, and Ϸ79-bp for the bottom strand (positions Ϫ33 to Ϫ109) (see Fig. 5, lane 2, coordinates 102-184) . It is likely, therefore, that protein oligomerizes on the Pcop1-Pcop2 promoter region.
A RNAP protection from nuclease attack matches the location of the Pcop1-Pcop2 promoter regions and also makes an extensive contact with the upstream region (positions ϩ20 to Ϫ172) (see Fig. 5, lane 3) . The presence of protein does not occlude the binding of A RNAP, because the presence of both proteins protects a contiguous region characteristic of the protein from nuclease attack in addition to the A RNAP protected region. The same general conclusion can be extended to the P␦ and P promoters.
Protein Represses Pcop1-Pcop2 and Indirectly Increases Plasmid
Copy Number. We have demonstrated that a plasmid-encoded protein represses transcription of the negative copy-control element, CopS, about 7-fold (Table 1) . A decrease in CopS synthesis predicts an increase in the number of plasmid copies to be segregated (see ref. 11). To address this hypothesis, a pBD101 minireplicon (pRC1, containing the copS, rnaIII, repS genes, and ori; Fig.  1 A) , which occurs at about three to five copies per cell, was introduced into the -free (YB886) and the chromosomal-borne gene (YB886-) and the number of plasmid copies in midexponential phase measured. In YB886-, a 5.5-fold increase in the number of copies of the plasmid pRC1 (22 Ϯ 5 copies per cell) is observed when compared with the wild-type YB886 strain. Hence, if we consider that each daughter cell receives half the number of plasmid copies present at cell division and the frequency of formation of plasmid-free cells (L) as a function of the copy number (n) of the plasmid appear with a given probability [L ϭ (0.5) 2n ] (see refs. 1-4), we have to consider that the expression of the chromosomally based gene may render the plasmid stably inherited in practice, because L values below 10 Ϫ6 cannot readily be measured (13) .
Discussion
A global control of vital plasmid functions such as replication, transfer, and stable maintenance has been reported only for the IncP plasmids from Gram-negative bacteria (4, 31) . We have demonstrated in this communication that such global control also is present in the inc18 family from Gram-positive bacteria. However, here it functions in a different context, because a pSM19035-encoded product acts as a regulator of plasmid genes for copy-number control and stable inheritance. The protein represses the transcription of the negative copy-control element, CopS, about 7-fold. Replication in plasmids of the inc18 family is controlled by two elements (Cop and the stable antisense RIII), each of which reduces the amount of the rep mRNA (15, 17) . The long-lived antisense RNA III and the constitutively expressed Cop protein, however, should be poor regulators, especially during the early phase of plasmid establishment or during situations when plasmid copy number falls below the wild-type level (11, 17) . Unlike plasmids R1 (29) and pMV158(pLS1) (30), which carry both a short-lived antisense RNA and a repressor protein as copy-number control genes, in the inc18 plasmids the rep mRNA cannot be corrected by an active mechanism through the action of an upstream promoter. This can be achieved by gene , which maps outside of the minimal replicon (coordinates 18810 to 2380 in Fig. 1 A) and is able to correct downward fluctuations in plasmid copy number because -mediated decreased synthesis of CopS will derepress transcription of the rep mRNA and indirectly decreases transcription of the antisense RNA III. We show that, indeed, repression of CopS synthesis by the protein correlates with an increase in plasmid copy number and indirectly ensures stable plasmid maintenance. It is likely that the interplay of RNA III, CopS, and protein is part of a negative-feedback control system of the basic replicon of inc18 plasmids.
The ␦ protein shares a significant degree of identity with the family of ATPases involved in plasmid partitioning (18) . Unlike the ParA and SopA proteins that regulate expression of the P1 par and F sop operon, respectively, or IncA of plasmid RK2 that is indirectly involved in its regulation (1, 3, 31) , the ␦ protein does not regulate its own synthesis. Transcription initiation of the ␦ gene is decreased about 70-fold by the presence of the product in trans. If ␦ protein is the functional counterpart of ParA, Sop, or IncA, we could hypothesize that an excess of ␦ destabilizes pSM19035 partition, as has been shown for ParA, SopA, and IncA (1-4) .
We have demonstrated that the protein decreases it own transcription by about 40-fold. Because , , and genes form an operon with two promoters, P reading the three genes and P only the and genes (I.S. and P.C., unpublished results), and the expression of the and genes prevents the appearance of plasmid-free segregants, the protein regulates most likely the expression of the two better-than-random segregation systems of pSM19035 (class b and c systems; see Introduction).
In vitro repression of transcription initiation at the Pcop2 and P␦ promoters requires an occupancy of about half of the recognition heptamers per plasmid molecule, because the amount of protein needed to repress transcription of both promoters is similar (about 15-30 tetramers) to the K app (18-22 molecules) . Transcription initiation of the Pcop1 and P promoters is repressed in the presence of about 30-60 tetramers per DNA substrate (Fig. 3) .
The purified protein binds with high cooperativity to the promoter region of the copS, ␦, and genes with a similar affinity. A close look at the DNase I protected region revealed that the Ϫ32 to Ϫ109 of Pcop1-Pcop2 (Fig. 5) , Ϫ20 to Ϫ85 of P␦, and Ϫ20 to Ϫ70 of P regions (data not shown) are occupied by the protein, and an extended region is occupied by A RNAP. The extent of the overlap in the binding sites and the distribution of the heptamer repeat varies for each of the promoters. There are 10 and 7 copies of both types of heptamers upstream of the copS and genes (positions Ϫ34 to Ϫ103, with ϩ1 being the start of Pcop1 and Ϫ22 to Ϫ68, with ϩ1 being the start of P), whereas in the case of the P␦ promoter, there are nine copies of both types of heptamers (positions Ϫ22 to Ϫ82, with ϩ1 being the start of P␦). Our preliminary data suggest that the affinity of for its cognate site seems to be proportional to the number of copies of the direct repeat heptamer (A.d.l.H. and J.C.A., unpublished results).
We have shown that the 32-kDa tetramer binds with similar affinity to the asymmetric and directly repeated heptamers of the P␦ promoter and to the contiguous array of two heptamers in a direct repeat (head to tail) and one overlapping heptamer in an inverted repeat (head to head), present three times in the Pcop1 (see Fig. 1B ). Each heptamer might constitute a unit for protein interaction, but the effective binding of protein to one or two heptamers is insufficient under EMSA for the formation of a cooperative nucleoprotein complex (unpublished results). We could envisage that binding of the tetramer requires at least three properly oriented heptamers. Such organization of binding sites has been well documented for eukaryotic transcription factors that are active as monomers [e.g., TFIIIA (32)], dimers [e.g., STAT family of proteins (33) ], dimers or tetramers [e.g., TRE, VDR, RAR, RXR (retinoic acid, thyroid hormones, and vitamin D receptors) proteins (34) (35) (36) ], or trimers [e.g., HSF protein (37) ] that bind cooperatively to tandemly repeated units. Recognition of arrays of short DNA repeats by a specific transcriptional regulator, instead of a dimer or a tetramer binding to the two halves of a palindromic sequence, is rare in bacteria. The 40.6-kDa (dimeric) Fur repressor that binds to three to four 6-bp units (40) , the 12.8-kDa ParR repressor-segregation protein that binds to two sets of 11-bp units (38) , the 32-kDa (monomeric) RepA repressor-replication protein that binds to five 19-bp units (39) , and the 32-kDa (tetrameric) repressor that binds to seven to nine 7-bp units (this work) are among the few described examples. In the case of the Fur repressor, it has been documented that it inhibits transcription initiation by blocking the entry of RNAP to the promoter (40) . Here, we demonstrated that the tetramer does not occlude the binding of
